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We explore features of the scalar structureX0(2900), which is one of the two resonances discovered
recently by LHCb in the D−K+ invariant mass distribution in the decay B+ → D+D−K+. We
treat X0(2900) as a hadronic molecule composed of the conventional mesons D
∗0
and K∗0 and
calculate its mass, coupling and width. The mass and coupling of X0(2900) are determined using
the QCD two-point sum rule method by taking into account quark, gluon, and mixing vacuum
condensates up to dimension 15. The decay of this structure to final state D−K+ is investigated in
the context of the light-cone sum rule approach supported by a soft-meson technique. To this end,
we evaluate strong coupling G corresponding to vertex X0D
−K+, which allows us to find width of
the decay X0(2900) → D
−K+. Obtained predictions for the mass of the hadronic molecule D
∗
K∗
m = (2868 ± 198) MeV and for its width Γ = (49.6 ± 9.3) MeV can be considered as arguments in
favor of molecule interpretation of X0(2900).
I. INTRODUCTION
The LHCb collaboration recently announced about
observation of two resonant structures X0(2900) and
X1(2900) (hereafter X0 and X1, respectively) in the in-
variant D−K+ mass distribution of the decay B+ →
D+D−K+ [1]. The collaboration extracted their masses
and widths, as well as determined their spin-parities.
Thus, it was proved that the X0 is the scalar resonance
JP = 0+ with parameters
m0 = (2866.3± 6.5± 2.0) MeV,
Γ0 = (57.2± 12.2± 4.1) MeV, (1)
whereas X1 is the vector state J
P = 1− and has the mass
and width
m1 = (2904.1± 4.8± 1.3) MeV,
Γ1 = (110.3± 10.7± 4.3) MeV. (2)
From decay channels of these resonances, it is evident
that they are built of four valence quarks udsc of dif-
ferent flavors. These circumstances place X0 and X1 to
distinguishable position in the XY Z family of four quark
exotic mesons, because they are particles with full open
flavors. This discovery is doubly remarkable, because the
resonance X(5568) seen by the D0 collaboration [2], and
presumably composed of four different quarks was not
later confirmed by other experiments.
The LHCb information generated interesting theoreti-
cal investigations to explain structure of new resonances
X0 and X1, calculate their masses, and if possible, esti-
mate widths [3–14]. In these papers the authors made
different suggestions about internal organization of these
resonances, and used various methods and schemes to
compute their parameters. The diquark-antidiquark and
hadronic molecule pictures are dominant models to ac-
count for collected experimental data. In fact, in Ref. [3]
X0 was considered as a scalar tetraquarkX0 = [sc][ud], in
Ref. [5] X0 and X1 were interpreted as S-wave hadronic
D∗−K∗+ molecule and P -wave compact tetraquarkX1 =
[sc][ud], respectively. The resonance X0 was considered
as ground-state scalar particle X0 = [sc][ud] also in Ref.
[12].
It is worth noting that the exotic scalar meson with
open flavor structure Xc = [su][cd] was studied in our
work [15], in which it was explored as a charmed partner
of the resonance X(5568). The mass and width of this
tetraquark were calculated using the sum rule method
and two interpolating currents. These currents corre-
spond to structures Cγ5 ⊗ γ5C and Cγµ ⊗ γµC, and
are scalar-scalar (S) and axial-axial currents (A), respec-
tively. The width of Xc was evaluated by analyzing its
decay channels Xc → D−s pi+ and Xc → D0K
0
. Per-
formed studies led to the following results
mS = (2634± 62) MeV, ΓS = (57.7± 11.6) MeV, (3)
and
mA = (2590± 60) MeV, ΓA = (63.4± 14.2) MeV. (4)
The prediction (2.55± 0.09) GeV for the mass of Xc was
made in Ref. [16], as well.
It is clear that Xc and X0 are different resonances and
their decay channels differ from each another. Neverthe-
less, it is convenient to compare parameters of Xc with
LHCb data to make some preliminary assumptions on
structure of X0. The mass of the ground-state tetraquark
Xc is not large enough to account for LHCb data, but the
results for the width of Xc is consistent with these mea-
surements. We also should take into account that, the
tetraquark Xc has a heavy diquark-heavy antidiquark
structure, whereas X0 is a light diquark-heavy antidi-
quark particle. Heavy-light tetraquarks are more com-
pact and lighter than ones with the same quark content
2but other compositions [3, 17]. Therefore, the mass of the
resonance X0 should be within or even below limits (3)-
(4) provided we will treat it as a ground-state tetraquark.
In our view, in the diquark-antidiquark picture X0 may
be considered as a radially excited state.
Alternatively, one may analyze it as a hadronic
molecule, i.e., as a binding state of conventional D and
K mesons. The two-meson threshold for the molecule
D−K+ is around 2365 MeV which is considerably be-
low the mass of X0. Therefore, it is difficult to expect
that a molecule D−K+ may be as heavy as the X0 state.
For compoundsD
∗
K∗ andD∗−K∗+ relevant two-particle
thresholds equal to ∼ 2900 MeV , and hence they cannot
dissociate to vector mesons D∗ and K∗ provided masses
of these molecules are below this limit. But such hadronic
molecules can decay to a pair of pseudoscalar D and K
mesons. Then, structures D
∗
K∗ and D∗−K∗+ may be
interpreted as X0 if their masses are compatible with
m0. The scenario with D
∗−K∗+ as X0 was realized in
Ref. [5], in which the authors calculated the mass of the
molecule D∗−K∗+ in the framework of the QCD sum
rule method. Result obtained there 2.87+0.19−0.14 GeV indi-
cates that an assumption about molecule structure of X0
deserves detailed studies.
In the present work, we treatX0 as a hadronic molecule
D
∗
K∗ composed of two vector mesons D
∗0
= cu and
K∗0 = ds, and compute not only its mass, but also width.
The mass ofX0 is evaluated in the context of the sum rule
method, where we take into account quark, gluon and
mixed condensates up to dimension 15. The width of X0
is found by considering the decay channel X0 → D−K+.
To this end, we calculate the coupling G that describes
strong vertex X0D
−K+ in the context of the light-cone
sum rule (LCSR) approach using technical tools of the
soft-meson approximation. Information on this coupling
obtained from analysis allows us to estimate the width of
X0.
This work is structured in the following manner: In
Section II, we calculate the mass and coupling of the
hadronic molecule D
∗
K∗. In Section III, we compute
the strong coupling G by employing the LCSR method
and soft-meson technique. In this section we find also the
width of the decay X0 → D−K+. Section IV is reserved
for our brief conclusions.
II. SPECTROSCOPIC PARAMETERS OF THE
D
∗
K∗
The mass m, and current coupling f of the hadronic
molecule D
∗
K∗ are necessary to check suggestions made
about nature of the resonance X0. These spectroscopic
parameters are required also to study its strong decay.
We compute m, and f using the QCD two-point sum
rule method [18, 19], which is one of the effective non-
perturbative approaches to determine parameters of the
ordinary and exotic hadrons.
The required sum rules can be derived from analysis
of the two-point correlation function
Π(p) = i
∫
d4xeipx〈0|T {J(x)J†(0)}|0〉, (5)
where J(x) is the interpolating current for the scalar par-
ticle X0. For molecule state D
∗
K∗ this current is given
by the expression
J(x) = [sa(x)γµda(x)][cb(x)γ
µub(x)], (6)
where a and b are color indices.
Within the sum rule method the masses of various
tetraquarks were analyzed in numerous articles, there-
fore below we present only crucial points of performed
analysis. In the sum rule method the correlation func-
tion Π(p) should be expressed both in terms of physical
parameters of X0 and quark-gluon degrees of freedom.
In the first case, one gets the phenomenological side of
the sum rules ΠPhys(p), which can be obtained from the
formula
ΠPhys(p) =
〈0|J |X0(p)〉〈X0(p)|J†|0〉
m2 − p2 + · · · , (7)
where we write down contribution of only the ground-
state particle X0(p), and denote by dots effects of higher
resonances and continuum states.
Introducing the spectroscopic parameters of X0(p)
through the matrix element
〈0|J |X0(p)〉 = fm, (8)
we rewrite ΠPhys(p) in the final form
ΠPhys(p) =
f2m2
m2 − p2 + · · · . (9)
The function ΠPhys(p) has a simple Lorentz structure
proportional to ∼ I, and the term in Eq. (9) is the invari-
ant amplitude ΠPhys(p2) corresponding to this structure.
The second component of the sum rules is Π(p) calcu-
lated using the light and heavy quark propagators. To
find ΠOPE(p), we employ the explicit expression of the in-
terpolating current J(x) in Eq. (5), and contract relevant
heavy and light quark fields. After these manipulations
for ΠOPE(p), we get
ΠOPE(p) = i
∫
d4xeipxTr
[
γµS
aa′
d (x)γνS
a′a
s (−x)
]
× Tr
[
γµSbb
′
u (x)γ
νSb
′b
c (−x)
]
, (10)
where Sc(x) and Su(s,d)(x) are the heavy c- and light
u(s, d)-quark propagators, respectively. Their explicit
expressions can be found, for instance, in Ref. [20]. The
correlation function has also a trivial structure: We de-
note the relevant invariant amplitude by ΠOPE(p2).
The sum rules for m and f can be found by equating
ΠPhys(p2) and ΠOPE(p2) and performing standard ma-
nipulations of the method. First of all, one should apply
3the Borel transformation to both sides of this equality to
suppress contributions of higher resonances and contin-
uum states. At the next stage, by using the hypothesis
about quark-hadron duality, one subtracts higher reso-
nances and continuum terms from the physical side of
the equality. As a result, the sum rule equality starts
to depend on the Borel M2 and continuum threshold s0
parameters.
The second equality required to find sum rules is ob-
tained by applying the operator d/d(−1/M2) to the first
expression. Then the sum rules for m and f are
m2 =
Π′(M2, s0)
Π(M2, s0)
, (11)
and
f2 =
em
2/M2
m2
Π(M2, s0). (12)
Here, Π(M2, s0) is the Borel transformed and sub-
tracted invariant amplitude ΠOPE(p2), and Π′(M2, s0) =
d/d(−1/M2)Π(M2, s0).
The function Π(M2, s0) has the following form
Π(M2, s0) =
∫ s0
M2
dsρOPE(s)e−s/M
2
+Π(M2), (13)
where M = mc + ms. The two-point spectral density
ρOPE(s) in Eq. (13) is computed as an imaginary part
of the correlation function ΠOPE(p), whereas Π(M2) ob-
tained directly from the correlation function. Calcula-
tions are carried out by taking into account vacuum con-
densates up to dimension 15. Higher dimensional contri-
butions to Π(M2, s0) are obtained as products of basic
vacuum condensates by assuming that the factorization
of higher dimensional terms does not lead to essential am-
biguities. Analytical expressions of ρOPE(s) and Π(M2)
are rather lengthy to be presented here explicitly.
The sum rules (11) and (12) depend on universal vac-
uum condensates and masses of c and s quarks:
〈qq〉 = −(0.24± 0.01)3 GeV3, 〈ss〉 = 0.8 〈qq〉,
〈qgsσGq〉 = m20〈qq〉, 〈sgsσGs〉 = m20〈ss〉,
m20 = (0.8± 0.1) GeV2
〈αsG
2
pi
〉 = (0.012± 0.004) GeV4,
ms = 93
+11
−5 MeV, mc = 1.27± 0.2 GeV. (14)
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FIG. 1: The mass m of the X0 as a function of the Borel parameter M
2 at fixed s0 (left panel), and as a function of the
continuum threshold parameter s0 at fixed M
2 (right panel).
The m and f are functions of the parameters M2 and
s0, as well. The correct choice for M
2 and s0 is an im-
portant problem of sum rule computations. The working
regions for M2 and s0 should satisfy usual constraints
imposed on the pole contribution (PC) and convergence
of the operator product expansion (OPE). To solve these
problems, we introduce the quantities
PC =
Π(M2, s0)
Π(M2,∞) , (15)
and
R(M2) =
ΠDimN(M2, s0)
Π(M2, s0)
. (16)
4In Eq. (16) ΠDimN(M2, s0) is a last term (or a sum of
last few terms) in the correlation function. In the present
analysis we use the sum of last three terms in OPE, and
hence DimN ≡ Dim(13 + 14 + 15).
The PC is used to fix upper bound for M2, whereas
R(M2) is necessary to find low limit for the Borel pa-
rameter. These two values of M2 fix the boundaries of
a region where the Borel parameter can be varied. Our
analysis shows that the working regions for the parame-
ters M2 and s0 are
M2 ∈ [2, 3] GeV2, s0 ∈ [11.3, 13.3] GeV2, (17)
and they obey restrictions on PC and convergence of
OPE. Thus, at M2 = 3 GeV2 the pole contribution is
0.5, whereas atM2 = 2 GeV2 it becomes equal to 0.8. At
the minimum of M2 = 2 GeV2, we find R ≈ 0.01, which
guarantees the convergence of the sum rules. We extract
the parameters m and f approximately at a middle re-
gion of the window (17), where the pole contribution is
PC ≈ 0.65. This fact ensures the ground state nature of
X0.
Our predictions for m and f are
m = (2868 ± 198) MeV,
f = (3.0± 0.7)× 10−3 GeV4. (18)
The sum rule results, in general, should not depend
on the parameter M2. But in real calculations m and
f are sensitive to the choice of M2. From inspection of
Eq. (18) it is seen, that theoretical uncertainties in the
case of m equal to ±6.9%, whereas for the coupling f
they amount to ±23.3%. Theoretical ambiguities of f
are larger, because f is determined directly in terms of
Π(M2, s0), whereas the sum rule for m depends on the
ratio of such functions and is exposed to smaller varia-
tions. Nevertheless, uncertainties even for the coupling
f remain within limits accepted in sum rule computa-
tions. In Fig. 1 we display the sum rule’s predictions for
m as a function of M2, where one can see its residual
dependence on the Borel parameter.
The continuum threshold parameter s0 separates a
ground-state contribution from effects due to higher reso-
nances and continuum states. In other words,
√
s0 has to
be smaller than the mass m∗ of the first excitation of the
X0. The self-consistent sum rule analysis implies that a
difference between the mass m and parameter
√
s0 used
for its extraction is around of m∗ − m. Excited states
of conventional hadrons and their parameters are known
either from experimental measurements or from alterna-
tive theoretical studies. In the case of the multiquark
hadrons there is a deficiency of relevant information. The
mass gap
√
s0 − m ≈ (500 − 600) MeV found in the
present work can be considered as a reasonable estimate
m∗ ≈ (m + 500) MeV for the hadronic molecule D∗K∗
containing one heavy quark. Dependence of extracted
value of m on the scale is also shown in Fig. 1.
Obtained prediction for the mass of the state D
∗
K∗
is in a nice agreement with new LHCb measurements.
This is necessary, but not enough to interpret X0 as the
hadronic molecule. For reliable conclusions, we need to
calculate the width of the molecule D
∗
K∗ and confront
it with data: these parameters only together can support
or not assumptions about the structure of X0.
III. THE DECAY X0 → D
−K+
In this section we explore the strong decay X0 →
D−K+ in order to find width of the resonance X0. The
width of the decay X0 → D−K+ is determined by the
strong coupling G corresponding to the vertexX0D
−K+.
We are going to calculate G using method of the QCD
sum rule on the light-cone [21, 22] and methods of the
soft-meson approximation [23].
We start from analysis of the correlation function
Π(p, q) = i
∫
d4xeipx〈K(q)|T {JD(x)J†(0)}|0〉, (19)
where the interpolating current J(x) is given by Eq. (6),
whereas for D− we use
JD(x) = ci(x)iγ5d
i(x). (20)
It is not difficult to find Π(p, q) in terms of the physical
parameters of the particles involved into the decay. We
get
ΠPhys(p, q) =
〈0|JD|D (p)〉
p2 −m2D
〈D (p)K(q)|X0(p′)〉
×〈X0(p
′)|J†|0〉
p′2 −m2 + · · · , (21)
where by dots we denote contributions of the higher res-
onances and continuum states. Here p, q and p′ = p+ q,
are the momenta of the particles D, K, and X0, respec-
tively. In order to finish computation of the correlation
function, we introduce the matrix elements
〈0|JD|D (p)〉 = fDm
2
D
mc
, 〈X0(p′)|J†|0〉 = fm,
〈D (p)K(q)|X0(p′)〉 = Gp · p′. (22)
In expressions above,mD and fD, are the mass and decay
constant of the meson D−. Then for ΠPhys(p, q) we find
ΠPhys(p, q) =
GfmfDm
2
D
mc(p2 −m2D)(p′2 −m2)
p · p′ + · · · . (23)
To continue, we have to calculate ΠQCD(p, q) in terms
of the quark-gluon degrees of freedom and find QCD side
of the sum rule. Contractions in Eq. (19) of c and d quark
and antiquark fields yield
ΠOPE(p, q) =
∫
d4xeipx
[
γµSbic (−x)γ5
×Siad (x)γµ
]
αβ
〈K(q)|ubα(0)saβ(0)|0〉, (24)
5where α and β are the spinor indexes.
Apart from quark propagators the function ΠOPE(p, q)
depends also on local matrix elements of the quark oper-
ator us sandwiched between the vacuum and K meson.
To express 〈K(q)|ubα(0)saβ(0)|0〉 using the K meson’s lo-
cal matrix elements, we expand u(0)s(0) over the full set
of Dirac matrices ΓJ and project them onto the color-
singlet states
ubα(0)s
a
β(0)→
1
12
δbaΓJβα
[
u(0)ΓJs(0)
]
, (25)
where
ΓJ = 1, γ5, γµ, iγ5γµ, σµν/
√
2. (26)
The expression (25) reveals a main difference between
vertices composed of conventional mesons and vertices
containing a tetraquark and two ordinary mesons. In-
deed, in the vertices of ordinary mesons the correlation
function depends on distribution amplitudes (DAs) of
one of the final-state mesons, for example, on DAs of
K meson. The DAs of the mesons are determined as
non-local matrix elements of relevant quark fields placed
between the meson and vacuum states. In the case under
discussion, it is evident that instead of non-local matrix
elements, we have ΠQCD(p, q) that contains local matrix
elements ofK meson. The reason is thatX0 and interpo-
lating current Eq. (6) are built of four quark fields at the
same space-time location. Substitution of this current
into the correlation function and contractions of c and d
quark fields yield expressions where the remaining light
quarks are sandwiched between theK meson and vacuum
states forming local matrix elements. In other words, we
encounter the situation when dependence of the correla-
tion function on the meson DAs disappears and integrals
over the meson DAs reduce to overall normalization fac-
tors. In the framework of the LCSR method such situa-
tion is possible in the kinematical limit q → 0, when the
light-cone expansion is replaced by the short-distant one.
As a result, instead of the expansion in terms of DAs, one
gets expansion over the local matrix elements [22]. The
limit q → 0 is known as the soft-meson approximation.
In this approximation p = p′ and invariant amplitudes
ΠPhys(p2) and ΠOPE(p2) depend only on the variable p2.
The soft-meson approximation simplifies the QCD
component of the sum rule, but leads to additional com-
plications in its phenomenological side. In this limit for
invariant amplitude ΠPhys(p2) we get
ΠPhys(p2) = G
fmfDm
2
Dm˜
2
mc(p2 − m˜2)2 + · · · , (27)
where m˜2 = (m2 +m2D)/2. This amplitude contains the
double pole at p2 = m˜2, therefore its Borel transforma-
tion is given by the formula
ΠPhys(M2) = G
fmfDm
2
D
mc
m˜2e−m˜
2/M2
M2
+ · · · .
(28)
In the standard approach the invariant amplitude
ΠPhys(p2, p′2) depends on two variables p2 and p′2, and
the Borel transformations over p2 and p′2 suppress con-
tributions of higher resonances and continuum states.
The suppressed terms afterwards can be subtracted us-
ing assumption on quark-hadron duality. But in the soft
limit even after Borel transformation ΠPhys(M2) besides
ground-state term contains additional unsuppressed con-
tributions. This is a price to be paid in the soft ap-
proximation for simple ΠOPE(p2) expression. To remove
contaminating contributions from the phenomenological
side of the sum rule, one has to act on ΠPhys(M2) by the
operator [22, 23]
P(M2,m2) =
(
1−M2 d
dM2
)
M2em
2/M2 , (29)
that singles out the ground-state term. Contributions
remaining in ΠPhys(M2) after this prescription can be
subtracted by the usual way. Then the sum rule for the
strong coupling G reads
G =
mcm˜
2
fmfDm2D
P(M2, m˜2)ΠOPE(M2, s0). (30)
Returning to the calculation of ΠOPE(p, q), it is worth
noting that by substituting the expansion (25) into Eq.
(19), one has to perform summations over color indices
and fix local matrix elements of K meson that contribute
to ΠOPE(p2) in the soft limit. There are only a few such
elements: Two-particle matrix elements of twist-2 and
twist-3
〈0|uγµγ5s|K(q)〉 = ifKqµ,
〈0|uiγ5s|K(q)〉 = fKm
2
K
mu +ms
. (31)
There are also three-particle local matrix elements of K
meson, for an example,
〈0|uγνγ5igGµνs|K(q)〉 = iqµfKm2Kκ4K , (32)
which may contribute to ΠOPE(p2). The elements given
by Eq. (31) appear due to the propagator Sd, perturba-
tive term of Sc, and the expansion (25), whereas three-
particle matrix elements may contribute after gluon in-
sertions to uΓJs stemming from nonperturbative compo-
nents of the propagator Sc. In matrix elements (31) and
(32) quark and gluon fields are fixed at the same position
x = 0.
Procedures to calculate the correlation function in the
soft approximation were presented in Refs. [24, 25], there-
fore we skip further technical details and provide final
expression for the correlation function, which is calcu-
lated with dimension-9 accuracy and given as a sum of
the perturbative and nonperturbative components
ΠOPE(M2, s0) =
µK
8pi2
∫ s0
M2
ds(m2c − s)2
s
e−s/M
2
+ΠNP(M
2).
(33)
6Quantities Values (in MeV units)
mD 1869.61 ± 0.10
mK 493.68 ± 0.02
fD 211.9 ± 1.1
fK 155.72 ± 0.51
TABLE I: Parameters of D and K mesons produced in the
decays of X0.
The nonperturbative component of the correlation func-
tion ΠNP(M
2) has the following form
ΠNP(M
2) =
−〈dd〉µKmc
3
e−m
2
c
/M2
+〈αsG
2
pi
〉µKm
4
c
72M4
∫ 1
0
dz
z3(z − 1)3 e
−m2
c
/[M2z(1−z)]
+
〈dgσGd〉µKm3c
6M4
e−m
2
c
/M2 − 〈αsG
2
pi
〉〈dd〉
×µKmc(m
2
c + 3M
2)pi2
54M6
e−m
2
c
/M2 + 〈αsG
2
pi
〉〈dgσGd〉
×µKmc(m
4
c + 6M
2m2c + 6M
4)pi2
216M10
e−m
2
c
/M2 . (34)
In expressions above, we introduce µK = fKm
2
K/(mu +
ms). It turns out that only the twist-3 matrix element
in Eq. (31) contribute to the function ΠNP(M
2).
The sum rule (30) depends on the various vacuum con-
densates written down above (14). It contains the masses
and decay constants of the final-state mesons: relevant
spectroscopic parameters are collected in Table I. For the
masses of the mesons D and K, we employ information
from Ref. [26]. For decay constants of the K and D
mesons available experimental results are used.
To carry out numerical analysis one also needs to fix
M2 and s0. The restrictions imposed on these auxiliary
parameters are standard for sum rule computations and
have been discussed above. Our analysis demonstrates
that working regions (17) meet all constraints necessary
for computations of ΠOPE(M2, s0). Numerical calcula-
tions lead to the following result
|G| = (0.66± 0.6) GeV−1 (35)
The width of decay X0 → D−K+ is determined by the
simple formula
Γ
[
X0 → D−K+
]
=
G2λ
8pim2D
(
1 +
λ2
m2D
)
, (36)
where λ = λ (m,mD,mK) and
λ (a, b, c) =
1
2a
(
a4 + b4 + c4
−2 (a2b2 + a2c2 + b2c2))1/2 . (37)
Then it is not difficult to find that
Γ
[
X0 → D−K+
]
= (49.6± 9.3) MeV. (38)
The prediction obtained for the width of the resonance
X0 is in a reasonable agreement with new LHCb data.
IV. CONCLUSIONS
In the present work we have explored one of the new
two resonances X0 and X1 reported by the LHCb col-
laboration. Namely, we have considered X0 as a scalar
hadronic molecule D
∗
K∗, and calculated its mass and
width. For these purposes, we have used the QCD sum
rule method. The spectroscopic parameters of the state
D
∗
K∗ have been extracted from two-point sum rules,
whereas for analysis of its strong decay channel, we
used LCSR method and soft-meson approximation. Ob-
tained predictions form and Γ are in very nice agreement
with reported LHCb data, which confirm the assumption
made on nature of the state X0.
Let us note that suggestion about molecular structure
of X0 was made in Ref. [5], in which the authors com-
puted the mass of the molecule D∗−K∗+ using the QCD
sum rule method. In different frameworks molecule com-
positions for the resonances X0 and X1 were proposed
in Refs. [4, 8, 11], as well. Besides a triangle singularity
assumption of Ref. [7] as the origin of X0 and X1 states,
there are alternative diquark-antidiquark interpretations
for these resonances.
Thus, the resonance X0 was treated as a scalar
diquark-antidiquark state in Refs. [3, 10, 12], in which its
mass was estimated using a phenomenological approach
or calculated in the context of the QCD sum rule method.
In our view, X0 may have a diquark-antidiquark struc-
ture, but then it would be a radially excited tetraquark.
In any case, there are interesting problems to be solved
before one can explain reliably structures discovered re-
cently by LHCb. This task is also of special interest, be-
cause experimental measurements were performed with a
high precision, and obtained results do not raise doubts
about existence of the resonances X0 and X1.
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